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In  thit  riajority  of  cases  the  discharge  of  hydrogen  -  ions  at  a  dropping 
:rorc;iry  cathode  fror.  solutions  of  different  acids  is  accompanied  by  the 
formation  of  well  defined  diffusion  v/aves  on  the  c,m,f,  current  irrter*sity 

•-'t 

The  diffusion  current  of  hydrogen,  I,  depend.®  on  the  rate  of  movement 
of  hydrogen  ions  towards  the  electrode  and  also  of  undissociated  molecules  of 
acid  which,  on  the  surface  of  the  cathode,  are  broken  down  into  ions: 

JEiere,  and  /K4^  are  the  concentrations  of  ions  of.  hydrogen  and  aeid 

and  are  constants  depending  on 

the  value  of  the  diffusion  coefficient  of  hydrogen  and  of  molecules  of  the 
acid. 


respectively,  in  the  solution,  ishdlst 


if  solutions  of  strung  acids  ui\dergo  induction,  such  acids  being 
practically  completely  ionised,  the  component  K,  is  small  in  con^jarison  . 

vdth  K-.p5lt/  and  may  be  neglected.  The  diffusion  current  will  then  depend 
linoarXy  on  the  coiicentration  of  hy'drogen  ions  iir  thfs  solution,  or  on  the 
concentration  of  the  corresponding  acid, 

For  weak  acids,  the  dissociation  of  which  in  polarographic  solutions  is 
substantially  less  than  100^,  the  second  corrrponent  of  equation  (l)  is 
comparable  ir.  magnitude  with  the  first  and  clearly  cannot  be  discarded. 

In  the  present  investigations,  the  authors  were  co:x:emed  with  the 
problem  of  preservojig  tiie  linear  relationship  between  the  diffusion  cu'rent 
ar.d  the  total  analytical  concentretion  of  acid  in  the  solution,  Purth^ermore , 
it  was  desirable  to  ascertain  the  dependence  between  the  vnloe  of  the 
diffusion  current  of  any  weak  acid  and  the  value  of  the  dissocation  constant  of 
the  latter. 

In  a  number  of  organic  acids,  it  is  possible  to  observe  the  presence  of 
such  atomic  groupings  which  can  be  reduced  at  the  dropping  mercury  cathode 
and  so  give  diffusion  currents.  For  such  acids.,  the  appearance  of  two 
diffusion  waves  may  be  expected  on  ixslnrograms,  one  oorrespondiivi  to  the 
reduction  of  .ydrogen  and  the  other  bcjing  associated  with  the  reduotioa  of 
an  aoid  arsion. 

The  authors  have  examined  the  n^cluction  of  a  comparatively  large  njiraber' 
of  weak  acids  Ydth  a  view,  in  doubtful  cases,  to  having  sufficient  experimental 
data  to  decide  which  of  tiie  waves  on  the  polarogrtxms  made  refers  to  the 
reduction  of  hydrogen  and  which  to  an  anion  of  the  acid, 

Expei‘imental  Method 

For  mricing  the  polarograms,  a  visual  apparatus  was  used  and  a  galvanometer 

"9 

vdth  a  current  sensitivity  of  0,58  x  10  A  nr.'/M.  A1.1  measvu'Bments  v«>ru  made 

at  a  temperature  of  25  t-  0,2°  C, 

ils  anode,  a  saturated  calomel  half -element  was  employed,  the  potential 
of  v/hich  was  assumed  to  be  zero. 

K.  10799 

T.if577 
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In  the  work  different  capillaries  vrere  required,  but  all  the  r.eaaured 
diffusion  currents  v.-crc  converted  for  .a  cardllary  the  characteristic  of  which 

was  equal  to  1  se  ’  ... 

Vi/hen  irrvestiqating  the  rcuuction  of  acids  soluble  in  water  the  .nr.thora 
used  aqueous  solutions.  For  acids  vdth  poor  soliubility  iii  v/ator,  iiaitial 
alcoholic  solutions  were  prepared  v;hich,  before  polarographing,  were  asixad  in 
the  electrolyser  with  a  solution  of  neutral  electrolyte. 

In  the  majority  of  cases  it  proved  vinnecessary  to  remove  dissolved  oxygen, 
since  the  reduction  waves  of  h^'^drogen  fi'om  acids  were  situated  in  the  very  much 
more  rjsgative  region  of  potentials  than  the  waves  for  oxygen  reduction. 

Results  of  experiments  and  their  assessment 
The  reduction  of  nliphr ’ ic  monobapic  acids. 

The  authors  submitted  to  polarography  solutions  of  formic,  acetic, 
isqbutyric,  isovaleric  and  chloroacetic  acid  in  the  presence  of  0. 1N  hDi , 

0, 1N  ,  and  Li  SO  ,  0, 1  N  KOH  and  0.  OSN'  (CH  )  NI,  Th'»  hydrogen  vave  for  all 
2  4  3  4 

the  acids  wa-  not  discernible  in  hydrochloric  acid  and  in  a  solution  of 
potassium  hydroxide. 

In  the  first  cjise,  it  is  probable  that  hydrogen  waves  of  '^ak  acid  are 
msked  by  the  wave  for  the  reduction  of  the  base,  and  in  the  second  case  the 
concentration  of  hydrogen  ions  is  diminished  to  a  very  small  value  as  a 
consequence  of  neutralisation  reaction. 

In  a  base  electrolyte  comprising  lithivim  chloride,  lithivw.  sulphate  or 
tetramethylammonium  iodide,  formic,  acetic,  chloroacetic,  isobutyrio,  and 
isovaleric  acids,  give  well  defined  diffusion  currents  which  are 
proportional  to  the  content  of  acid  in  the  solution  provided  that  the  concen¬ 
tration  of  acid  is  not  too  low. 

The  calculated  values  of  the  proportionality  coefficient  bet\veen  the 
current  and  the  concentration  of  the  acid  are  shown  in  Table  1.  The  same 
Table  gives  the  half-wave  potentials  of  hydrogen  redaction  for  solutions  of 
the  above-mentioned  acids. 

Tne  half-wave  potential  depends  fairly  markedly  on  the  concentration  of 
the  acids,  being  displaced  by  approximately  0,1  volt  when  the  concentration 
of  the  acid  is  increased  tenfold.  The  absence  of  diffusion  currents  in  the 
reduction  of  formic,  acetic,  isobutyrio,  isovaleric  and  chloroacetic  acids  in 
alkaline  and  strongly  acid  media  indicates  that  in  neutral  solutions  the 
diffusion  currents  are  associated  with  a  discharge  of  hydeogen  ions.  In  the 
case  of  trichloroacetic  acid,  it  is  possible  to  o'b.aerve  the  appearance  of  a 
further  diffusion  wave  at  0,90  -  0.95  volt  in  all  probability  not  -associated 
with  hydrogen  reduction.  Anions  of  aliphatic  acids,  therefore,  are  not 
reduced  at  a  dropping  mercuiy  cathode. 


... 


liilf-v/^ve  potentials  .and  values  of  I ^ C  for 

mono'bp.sic  ali-ohr;.tic  acids  with 
vC-trpjn,'?thyIamoniurn  iodide  as  base  electrolyte 


No, 

Name  of  acid 

diss¬ 

ociation 

Constant 

Range  of 
investigated 
concentra¬ 
tions  in 
millimols 
per  litre 

^'^m.taol 

Limits  of 

variation 

I 

Formic  , , . . , 

1,77  X  io:| 
1.75  X  10 

1  -  10 

2.42 

1.74  -  1.85 

2 

acetic  Acid 

2-15 

1.95 

1,76  -  1, 86 

3 

Isobutyric  . 

1.44  X 

3-25 

1. 64 

1.81  -  1.87 

4 

Isovaleric  . 

1.7  X  i0"5 

4-27 

1.35 

1.75  -  1.82 

5 

Chlorojicetic 

1.4  X  10”^ 

1  -  10 

3.14 

1.65  -  1.71 

6 

r/ichloro- 
acetic  .  . 

5.0  X  1C“2 

1  -  5 

4,25 

1.55  -  1.64 

7 

Trichloro¬ 
acetic  .... 

1,3  X  10’*"* 

1  -  8 

4.55 

1.57  -  1.68 

Reduction  of  dicarboxylic  acids 

V.’ir-:ei  vxA  Proalce  (l),  5xvestigating  the  i;eduction  of  oxalic  acid,  showed 
that,  not  'jr_Ly  this  acid,  hut  all  dicarhoxylic  saturated  acids  fail  to  reduce 
at  a  dropping  mercxiry  cathode.  The  authors  mentioned  discovered  that  oxalio 
acid  neutralised  hy  lithium  hydroxide  is  not  reduced  and  so  does  not  enable 
difiiision  waves  to  be  obtained.  In  an  0  ;5N  solution  of  hydrochloric  acid, 
reduction  takes  place,  hut  it  ceases  of  a  0.0/;U  solution  is  taken.  The 
present  authors  carefully  spidied  the  behaviour  of  oxalio  acid  in  solutions 
of  hydrochloric  acid,  the  concentration  of  which  was  varied  from  0.01  -  0, 1N, 
and  did  not  o'^tain  hydrogen  diffusion  currents  of  oxalic  acid. 

The  absence  of  ciffusion  waves  under  those  conditions  is  quite  natural, 
hydrogen  ions  from  hydrochloric  acid,  present  in  considerable  excess,  cause 
t:k-)  ciissocii5t.ion  --'f  the  weaker  oxalic  acid  and,  becoming  reduced  on  the 
merciuy  cathodle,  give  on  the  polarograms  only  the  current  of  the  base 
electrolyte. 

Clear  diffusion  currents  wore  obtained  by  the  authors  -  with  a  base 
electrolyte  of  lithium  chloride  end  sulphate,  and  also  of  tetramethylamraonium 
iodide.  Similar  reduction  waves  of  hydrogen  ions  arising  as  a  result  of 
dissociation  of  molecules  of  the  acids  were  obtained  for  solutions  of  malonio, 
succinic,  atiipic,  tarta4.ac,  pyrotartnric,  malio  and  citric  acids. 

For  all  these  acids  t]'.e  hydrogen  diffusion  current  is  directly 
proportional  to  the  concentration  of  molecules  of  acid  in  the  solution. 

For  oxalic,  malonic,  t.artaric,  malic  and  citric  acid*’,  the  reduction 
potentiala  are  almost  equal  ao  one  another  and  de^^end  on  t,  concentration  of 
the  acid.  It  is  interesting  to  note  that  the  half -wave  potential  of  succinic 
acid  does  not  depend  on  its  concentration  and  ainounts  to  -1,8  volts. 

T.'.e  o>q)erLment3  of  the  present  authors  on  the  reduction  of  a  numb.,r  of 
dicarhoxylic  a/jids  lead  to  tte  conclusion  that  the  difihision  currents  of  ths 
latter  are  associated  with  the  discharge  of  hydrogen  ions  present  in  the 
solutio-'i,  owing  to  the  electrolytic  dissociation  of  molecules  of  the  said  acids. 


Table  2,  Half-wave  potentials  and  v-.Z.-’^s  cf  I  - 'Z  for 
dlcarboxylic  acids  v/ith  ':c-tra:r:C~:I:vlar.r.  arJ,i::r. 
iodide  as  base  elcnirolv^o 


Ne. 

; 

Name  of  aoid 

' 

Dissociation 
(Const J 
{first) 

;  Rnnrc  of  i 

'  ooncontrations  M 

,  studied  ! 

'  in  millimols  ! 

j  per  litre  i 

!  1 

T  ' 

uA  litre 
millimol 

O  i 

C  .i.C, 

-^1/2^ 

1 

Cxalic 

_2 

5.90  X  10  ; 

I 

1  -  8 

i 

4.45 

1.66  -  1.60 

2 

I«!alonic 

1.49  X  10-^ 

1 

2-13 

i 

2.70 

1.69  -  1.74 

7 

T  r+ar:.- 

1.0L  X  10~^ 

I 

■3.12 

-  ;,77 

4 

’ Citric 

8.40  X  lO"*^ 

1 

1 

1  -  6. 

I 

3.30 

1^64  -  1^77 

5 

llalic 

3,88  X  10-4 

1 

1 

1.5-  10. 

2.85 

1.66  -  1.74 

6 

I^otartai^,o  ' 

8.7  X  10’^ 

1 

1 

1  -  10 

2.44 

1.80  -  1.86 

7 

•  Succinic 

6,89  X  10-J 

i 

i 

-1-9 

2.63 

1,80 

8 

Jidlpic 

3.7  X  10-5 

I 

1 

f 

2-11 

. 

_ 

2.07 

1.76  -  1.80 

Reduction  of  arora.tic  acids 


Benzoic,  meindelic,  gallic,  salicylic  and  aoetylsalioy]  c  acids  give  well- 
pronoxinced  diffusion  waves  from  neutral  solutions  of  lithiiu  chloride  and 
sxilphate  and  of  tetraaetijylammonivmi  iodide,  Phthalic  acid  gives  polarograias 
with  a  double  wave.  With  a  tenfold  increase  in  the  concentration  of  the  acid 
in  the  solution,  the  half-wave  potential  of  the  first  stage  is  displaced  by 
0. 1  volt  and  of  the  second  by  0, 1 5  volt  in  the  direction  ol  more  negative 
values. 

In  strong  acids,  and  in  alkaline  media,  all  these  acids  do  not  give 
diffusion  currents. 

Table  3  shows  the  numerical  values  of  potentials  of  the  acids  mentioned 
above,  and  the  diffusion  current  constants 


C 


-  5  - 

Te.ble  I,  Hp.lf-yavc  •Dctenti.'~,'.3  ajid  values  of  IrVC  for 
ai-omatio  acids  vd-  .h  tetrajr.cthyi.'rr.T.or.iua'.  iodide 
as  base  elcctrolva^ 


No, 

i 

1 

! 

!  Xame  of  acid 

! 

i 

1 

1 

Dissociation 

Const 

(first) 

i 

< 

Range  of  ! 

invos'*'!-  1 

i  gated  concon-  1 
tration  in  j 

1 

Id 

h 

Limits  of 
variation 

i 

-’H/P 

1  ffiillinols  pe* 

1  litre 

1 

m,mol 

1 

!  Benzoic 

6.3  X  10”^ 

0.9  “  6 

1.90 

I 

1.56  -  1.72 

1 

c. 

1.L  X  10-4 

2  -  13 

2. 20 

1.70  -  1.78 

3 

Gallic 

3. 8  X  10”^ 

2-6 

2.33 

1.71  -  1./3 

K 

Phthalio 

1.3  X  10"^  ! 

1  -  11 

3.22 

1.60  -  1.85 

5 

Salicylic 

1.01  X  10”^  I 

1  -  9 

2.80 

1 , 66  -  1 , 83 

6 

Ace  tylsalicy lie 

-5 

1  -  7 

2.00 

1.52  -  1.65 

7 

Anthranilic 

1.07  X  10 

3  -  20 

1.40 

1.60  -  1.52 

8 

Sulphanilic  i 

6.02  X  10"^ 

2  I 

- 

1.54 

9 

Naphthionic 

2  X  10"^  ’ 

2-10 

I 

- 

1.42  -  1.52 

Anthranilic  (CgH2^NH2COCK),  naphthionin  (C^qH^NH2S0^H)  and  sulphanilic 
(C£;H2^NH2pOjH)  acids  oi'e  not  easily  soluble  in  water,  and  for  this  reason  the 

authors  used  alcoholic  solutions.  _  .  thj;  presence  of  tetramethylamonium 
iodide,  all  these  acids  give , diffusion  currents  proportional  to  t’ne 
concentration  of  the  dissolved  acid.  It  should  be  noted  that,  at  a 
concentration  of  about  0-10  ni llimo Is/ litre ,  higher  maxima  occ'ur  on  the 
cxirront  intensity  voltage  curves  which  are  not  suppressed  by  gelatine  end 
so  render  difficult  the  reliable  measurement  of  the  half-wave  potential. 

From  Tables  1 ,  2  and  }  it  will  be  seen  that  the  nimerical  values  of  the 
diffusion  current  constants  for  acids  differ.  This  difference  is  not 

c“ 

associated  with  variation  in  the  diffusion  coefficient,  since  these  differ 
only  very  slightly. 

The  value  of  the  diffusion  current  constant  of  an  acid  is  influenced  by 
tl.u  dissociation  constant  of  the  acid;  the  greater  the  latter,  the  greater 
also 

For  the  acids  investigated,  it  was  possible  to  discover  a  simple 
relationship  between  these  two  '•alues,  expressed  by  the  equation: 

--a  -  bpK, 

C~ 

where  pK  is  the  docimal  logarithm  of  the  first  dissociation  constant  of  the 
acid  with  the  sign  reversed  (for  polybasic  acids  the  subsequent  dissociation 
constants  were  not  taken  into  consideration  since  they  are  considerably  less 
th.an  the  first) ;  a  and  b  are  constants  de^^Jading  on  the  composition  of  the 
rjjutral  electrolyte. 


Por  0,05^1  solutions  of  tetramethylajiimoniur.  iodide,  the  equation  hc.3  the 

for9: 

la  =  5.25  -  0.725  pK,  (2) 

C 

for  a  solution  of  0. 1  N  Li^SO,  : 

2  4 

la  =  4.65  -  0.642  pK.  (3) 

c” 

It.  Pigurj  3  the  experiasental  data  are  shoisn.  graphically  with  the 
ooordinates  la 

C  and.  pK, 

It-  vd.ll  be  seen  from  the  graph  that  acids  f or  which  the  first  dissociation 
is  less,  than  5.  x  10“°  should  not  give  hydrogen  reduction  diffusion  currents. 


Table  if.  •  Half -wave  potentials  and  values  of  la^O  for  sulohamlde 
compounds  with  tetramethylamr.onium  iodide 
as  base  electrolyte 


No. 

'  Name  of  substance 

t 

j  K  of 

I  dissocia- 
j  tion 

I 

J _ 

lyc 

m.mol 

I  •  " 

Potential 

volts 

-M/gV 

1 

n-acc  .yisulphai^ilanide 

i  4.2  . 

10-6 

2.3  -  13.4  ; 

2,16  -  2,20 

2  < 

Sulphathiazol-? 

i  7.6  . 

10“® 

2.0  -  10,4 

1.66  -  1.74 

3- 

n-Sulphanilyl-sulphan- 
•  i lamide 

i  1.4  . 

10"® 

2.00  -  7.9 

1.70-1.86 

4 

j  Sulphadina 

i  ^.7  . 

10"^ 

does  not  reduce 

5 

i  Sulphanilamide 

I _ 

,  3.7  . 

10"'°  ! 

i 

M 

It  It 

Table  4  shxiws  the  experimental  data  for  a  number  of  sulphamidc  compounds 
characterised  by  low  dissociation  constants  obtained  by  the  present  authors 
during  the  polarographic  investigation  oi  n-acetylsulphanilamlde 
(NH2C6H^S02NH10CH3),  .'---ulpha'Varola  (Mi2C^H^S02NH  .  C^K^dN’),  n-sulphanilyl- 

«ulphan...lamide  (lOig.  CgH^o02i^dCgH^S02NH2)  ,8ulphadine  (NHgCgH^SOj  . 
and  gulphanl  lamide  (NH2C2H^S02NH2). 

It  is  only  for  the  first  compounds  that  it  is  possible  to  give  the 
hydrogen  diffusion  currents. 

The  molecules  of  the  remairdng  sulphai;ddo  compou..is  and  also  boric  acid, 
the  first  dissociation  constant  of  which  is  5. 7  x  10”^®,  do  not  give  hydrogen 
diffusion  waves. 

The  empirical  relationship  obtained  makes  it  }X5ssible  to  solve  the  prrMoa 
of  the  reduction  mechanism  of  a  number  of  molecules  possessir^g  acid  character¬ 
istic  o  and  having  in  addition  reducible  atomic  groupings. 

The  diffusion  current  constant  cccurring  at  a  potential  of  .  6  to  -  .  £V 

durir.g  the  discharge  of  hydrogen  ions  "nd  absent  in  solutions  of  strong  acids 
and  alkalis,  should  agree  with  equation  (2)  or  (3).  It  rs  clear  that,  in  the 
r«dxiCtion  of  the  onion,  the  diffusion  wave  can  be  observed  in  acid  and 
alkaline  3olutior.s,  In  addition,  I^C,  deter:- ined  by  the  diffusion 


/ 


coerf'icicT.t  of  the  anion  and  by  the  nunbcr  of  electrons  participating  in  the 
process,  sho, lid  not  depend  on  the  dissociation  constant  of  the  acid. 

Insations  (2)  or  (3)  can  be  used  for  the  deten.'ination  of  tYe  unknown 
dissociation  constant  of  ary  acid. 

For  the  value  of  the  d..ffusicn  current  constant  we  can  write  the  equation: 


.  6C5.  r. 


on  the  condition  that  the  diffusion  current  is  measured  in  ,J*  and  the 
concentration  in  m  mol/litre. 


For  the  discharge  of  Hydrogen  ions  n  =  1 ,  and.  for  cur  capillary 
m  t  =  l.wnencc 


=  6G5.  n  ^ 


^^mo] 


a.ae  as_r:Usion  cuefflol^  '  ’■■■^rc,~cr.  ions  "ir  -r  aq".o'‘".'s  so'  -"^is'  c^lculatea 

from  tiie  eqaivalent  oiec'crical  conductivity  equals  9.34  x  10  -^em'^sev.  • 

Consequently  the  diffusion  current  constant  for  hydrogen  ions  is 

C  a;:  ...'dtfe 
U-'>-r— — TT 
m  mox 

Comnarison  of  this  value  with  the  values  of  I-/C  found  for  the  acids 
investigatea  makes  it  possible  to  assess  the  appi'oximate  valae  of  the  separate 
campenents  cf  equation  (l).  Thus,  in  acetic  aoi.d  almost  die  v/hole  of  the 
hg'droger.  currern  is  associated  \vith  the  transport  of  urdissociated  molecules 
to  the  suri'ace  of  the  mercury  cathode,  in  chlcroacetic  acid  approximately 
0.3  of  the  current  is  transported  by  hy.lrogen  ions  and  0.7  by  undissociated 
molecules  and  in  the  case  cf  dichlcroacctic  acid  the  corresponding  fig'ures 
arc  0,6  and  0. u,  etc.  However,  the  change  in  tie  numicrical  values  of  the 
separate  corapoiicnts  of  this  equation  docs  not  destroy  the  linear  relationship 
between  the  diffusion  current  arid  the  arui!yh;ical  cor.ee ntrat ion  of  the  acid. 

Conclusions. 

1,  The  rciuction  of  a  r.-umber  cf  wuak  a.cids  at  a  mercury  cathode  was 


2.  It  Y.'aa  establirined  that  the  relucticn  cf  rydrogen  fror.i  solutions  of  weak 
acids  with  a  neutral  base  of  indaU'forcnt  electrolyte  proceeds  at  a 
half-w-ave  potential  varj'ir.g  from.  -  1.6  to  1,3V, 

3i  An  empirical  relationship  was  found  Ve tween  the  difllision  current  of 
hydrogen  and  the  dissociation  cor.st.ant  of  the  acid. 


1.  A.  Wirkel  and  G,  Proske.  3or.  ,  193'-',  ^93,  1917. 


r inures 


lu-o.xam.  of  acids  with  C,  s  Crl as  base  clei 


■arv'c  1  -  Acetic  acid,  ocri:.  '’t.  c  m.  m.cl'litrc  begirciln, 


,  -  4  V 


/ar~/c  2  -  Oxalic  acid.,  com.  ^  ~  m-ol^iitrc,  b e g Imlng  frem.  -1.2  V. 
larve  3  -  Citric  acid,  cone.  7.55  a.  m.cl/'iitre,  ce.gir_-.lng  frem  -1,2  V. 


u’ai'v'e  .. 


?ht. hallo  acid,  com,  9.3C  m.o  litre  , be 


-  6  - 


Fi^;,  2 :  Craduat:.  !  strairrht  lir.es  of  v.'u?i:  -igirs. 

1  -  Oxalic;  2  -  phthalic ;  3  -  adipic;  h.  ~  acetic;  5  “  an'i'^'Jrar.ilic 
Fig,  3:  Relationship  between  -  log  X  and  Z  /C  p A-— " 

iCoa 

0  -  Sxperirnental  values  for  acids  investigated. 


